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Samples returned from Massould be placed in quarantine, referred to here as containment, until they

are deemed safe to release to outside laboratories, either by analysis or by steriliZalteg.planning

j dzSaGA2y NBEtFGSR (2 | LIGSydAITowhatederdao®s MSR NBE  { | Y L
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sciencesourced requirements oa notionalSample Receiving Facility (SRF), including the number and

definition of additional supporting scieagaelated facilities (both within and outside of containment).

This question was discussed at-d&/ workshop Januaryl116, 2019 in Columbia, MD. Three highrel

conclusions were that 1) Where the option exists to conduct MSR investigations with&intnant or

Fd aOASydAadaqQ K2YS 102N G2NASa:r GKS tFGGSNI Aa 2
that has beemmapped out by the IMOST committethe investigations appear to be tolerant to at least

1 sterilization methodhat is used a Mars spacecraft (and might be permitted for use on Mars

samples)and 3) Very few of the MSR science measurements aregénsitive (at the scale of

hours/days/weeks). This leads to the derived conclusion that most MSR science could be effectively

planmed for, using either sterilized samples or samples that have passed the Sample Safety Assessment
Protocol, in labs distributed around the world outside of containment, and without time urgency.

Science requirements for the SRF, therefore, would fall gmilgninto the areas of preliminary sample
characterization, sterilizatiogensitive investigations, and tirgensitive investigations.

SUMMARY OF FINDINGS

FINDING?#1: There are three sets of observations that may be beneficial before opening sample
tubes: 1) Reconnaissan@nalysis of dusbn the outsides of tubes?) Basic physical observatior®;
Micro- and nanebeam xray 3D imaginge.g., CT, Synchrotronther).

FINDING#t NA2NJ 2 YI1Ay3 GKS &l YLX S& | @O Aphdséf S (2 (K
preliminarysamplecharacterization processould need to be completed: Basic Characterization (BC)
and Preliminary Examination (PE).

FINDING #3The Preliminary Examinati of MSR samples may be optimized by using different teams of
internationalscientists for different samples (or groups of samples), althoughthisnot be the only
way to do it.

MAJOR FINDING #4#& appears that a large majority (>90%) of the M®&&ated science investigations,

as identified bythe International MSR Objectives & Samples TeaM@ST 2019) could probablybe
acceptably performed on sterilized samples, thus potentially enabling the analysis of MSR samples in
uncontained laboratories wihout a dependency on the results from Sample Safety Assessment
Protol (SSAPdesting.

FINDING % It is expected that theroperties of the samples woulik vulnerable to degradation in at
least 4 significant areas as soasithey are removed from the equilibrium environment inside their
tubes Because of the timsensitivity, these attributes should be measured quickly, or the opportunity
may be irretrievably lost. This may require that these measurements be done inooetat.

Predecisional information, for planning and discussion only i



MAJOR FINDINGS#The scientific community, for reasons of scientific quality, cost, timeliness, and
other reasons, strongly prefers that as many samytdated investigations as possible be performed
in PHed laboratories outside of containment.

FINDING % For reasons of optimizing the use of irreplaceable sample mass, consortium sample
utilization studies, including those that make use of faciilated samplepreparation procedures, are
of high interest.

FINDING & Space within containent must logically include functionality for BC+BEARests, time
sensitive science, andiesilization-sensitive sciencesterilizationtolerant science can most effectively be
planned outside of containment.

CONCLUSIONN&ZEDS FOR FUTURE WORK
Needsfor Future Work
Based on the workshop proceedings and the findings above, the authors of this report strongly suggest
that funding, and coordinated work teams, are needed in fiigh-priority areas:
1) Effects of sterilization pr@sses on geologicahmples;
2) Effects of xay imaging on sample properties;
3) Effects of sample analysis and saenptep on sample properties;
4) Degree of overlap betweell SRsterilizationsensitive sciencand SSAMvestigdions;
5) Identity anddetermine therelative importance & degree of degradation with tiraétime-sensitive
MSR sciencmeasurements.

Conclusior#1: The IMAR (Haltigin et al., 2018)port provides a good starting point for further
discussions and analysis regarding the organizati@magement and staffing ofreotional Sample
Receiving Facility.

Conclusion#2: The workshop group was unable to identify any investigations that are sensitive only to
radiation {.e.,but not also to heat). This is therefore judged to be a more promgti@glization
method, if the metric is preservation of scientific value of the samples.

Conclusion#3: Assuming that isolator cabinets can be effectively cleaned between samples (considered
technically reasonable at this time), the number of needed isolators is judged to be less than the
number of samples. For planning purposes, a figure of 15 £ 5 isofatyrbe a reasonable estimate.

This number euld be influenced by several factors, including the different types of environmental
conditions desired for different samples and processes (e.g., vacuyieNAr atmospheres, low

temps, etc.), differing caamination requirements for different processdsow many samples might be
worked on simultaneously, etc.

Conclusion #4We cannot see that analigsof the headspace gasould be important for operational
decisionmakingbefore the regolith and rock sangd are extracted from the sample tubeklowever,
the chemistry of the headspace gas is vulnerable to change with time, and it should be analyzed
promptly for that reason.
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1. INTRODUCTION

What Question are we trying to Answer?

In order to design the lowestost Sample Receiving Facility that is able to meet its requirements, it is
important to answer the followinguestion:To what extent does MSR science need to be done in
containment?We assume that as part of the MSR Campaign, planning needs to be in place to achieve
ALL of the scientific objectives of M&Rwever, there has been a history of different argumesrishow
much of that needs to take place in containment.

ProcessThe Mars Sample Return Science Planning Group (M&R&lishedby ESA and NASA in

November 2018is an international teanof scientistawith a charge to ensure that planning activities

undertaken by the two space agencies in support of Mars Sample Return (MSR) are coordinated and
consistent. The main objective of MSPG is to produce reports from a series of workshops to establish

and document positions amongst a diverse set of sample isigmelated to planning assumptions

and/or potential requirements involving the handling and analyses of returned saniptesfirst

G2N] AaK2L) a{ OASYyOS Ay /2yl AyYSylés GKSthd@deedrSOG 27
to be performed wile underbiologicallj dzF N} Yy i Ay SZ RSFTAYSRTWOSINGE | & daAy O
workshops are planned to address 1) contamination considerations, and 2) the integration of science

and SSAP investigations needed in containment. Thus, contamination and SSid€rabonsvere

explicitly excluded fronthis workshop.

The workshopparticipantsdiscussed a set @reparedquestions during three breakout sessions.
Participants werassignedo one of three groups roughly based on the primary disciplines of:
astrobology (Group 1), geochemistry (Group 2) and curation (Group 3). Each group considered all the
guestions and the resulting outputs have baategratedto form this report. In each section belgthe
original discussion prompt from the workshop is repeatieflowed bya synthesi®f the workshop
partidLJr vy (i & Q NRas Ini# glairSeitdo establish consensus positions using the workshop
discussions that will require followup work by somebodyHowever, for many of the questions
discussed, it wagossible to identify preponderance of opinion, and the most significant of those were
flagged as findingst is anticipated that the report could be used to support future planning, including
international partnership formation and SRF costing exerc@#wer inputs into this planning, such as
contamination control and planetary protection recommendatipas mentioned abovewill be

developed in subsequent workshops. After the workshop series is complete Mt@R@s tofinalizean
overall summaryf its conclusions.

As part of the process of planning the workshop, we recognized early that the five topics represented by

the colored boxes on Figure 1 constitute the essence of the proldieorder to ensure that science and

planetary protection inputst@ { w LJX F yyAy 3 I NBE KSftR AYRSLISYRSYyi(zI g8
topic. However, for the other four topics, we constructed discussion prompts to help elicit from our

science experts primary planning inputs.
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Goal: Establish planning consistent with achieving ALL MSR
scientific objectives
Over-arching question: What role could/should/must contained
facilities play in that goal?

Terminology: Contained MSR-related facilities are assumed to include at least one SRF,
and possibly also additional secondary facilities or systems.

Primary candidate scientific (and associated) components considered:

Planetary Basic Tirrje_- Sterilizlafcion- Sterilization-
Protection Characterization + sensitive sensitive tolerant
Protocol Preliminary science science science
Examination

This led us to design the following workshop discussion prompts (see report):

‘ #1,2,3,4 H#6 #5 #7 ,
#'8 Integrated

Figure 1 Schematic representation of the eight topics discussed in the workSkepeport for the
specifics of the discussion prompts used.

SRF and Containmenierminology A Sample Receiving Facility (SRF) is considered to be a necessary

part of planningthe MSR Campaigiihis is where the sampleontaining returned spacecraft would be

received, and samples processed and analyreter biologicatontainment.The attributes of that

facility (or facilities), as defined by requirements, are still under discusSmme as/et open questions

include the acceptability of using existing facilities, strategies and priorities relatsaetotific

investigations ircontainment, strategies for contamination control, the benefits/consequences of using

more than one faiity, strategies that enable scientists to do their work with excellence Haevever,

the samples could still leave the SCF if the technique is deemed important enough and they remain in
containment €.g.,packaging, transport, and/or B8Llrated faciliy) during the analysesn this respect,

S R2 y20 dzaS a{wCé¢ IYyR aO2y (il AyYSyGé¢ a4 adyz2yeva

This report This is a report from the first of the series of three planned workshops. It was held at the
Universities Space Research Association (USRA) HetaiguarColumbia, Maryland between™.4

16" January 2019 with 2BJF NI A OA LI yiad 6&4S8SS ! LIWISYRAE '0d ¢KS §GKS)
I 2yGFrAYyYSyidés yR AtGa ao02L)S O20SNBR (GKS AyAGAlFf S
how much sample science must/should be planned for within containment. Tdundeand third

workshops will have the themes of contamination control ambrporatinganalyses needed for

planetary protection assessment, both of which were not addressed in this workBlegetary

protection assessment is being addressgdhis timeby a separate COSPAponsored group defining
NEO2YYSYRSR a{IYLXS {FFSGe !'aasSaavySyld tNRr(G202f¢ o
AssumptionsFor the purpose oMSPG planning activitieMSPG was asked by its sponsors to work

from the following assumptionsf these assumptions changethe future, the conclusions from ith
and futureworkshops may need to be reconsidered.
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1. The scientific objectives of MSR are those described by iIMOST (2019).
2. The sampleelated facility scenario would be as follows:

a. Overall sample science and facilitamagement (of any and all facilities that host samples
returned from Mars) would operate under a TBD model of international governance.

b. !' d&-n galed SRF in the U.S. would be responsible for sample containment until such time
as they are deemed safe foglease or transfer under containment to another equivalently
rated facility.

c. Additional uncontained curation facility(s) in the US and/or Europe would. &Btiropean
facility would be able to receive a subset of samples after initial receipt by tHeasktl SRF.
The European facility may or may not have equivalent containment to the SRF. If it does,
then investigations regarding life that are dependent on-tomtainment could be
performed in Europe. If it does not, receipt of samples by a Europedityfaauld occur
after transfer criteria are met to permit transfer out of containment.

d. PIs, located around the world in academic institutions, research institutes, government
laboratories, and elsewhere, will desire access to the SRF and curation (Priatdites,
and eventually if safe, access to samples distributed outside the curation facilities.

e. The decision on where to locate the U.S. SRF or a potential Europeeaoniténed facility
will need to be made in the context of the local and natioaald and optimizing for
capabilities; thus, this is not known (or knowable) at this time.

In addition, we make théollowing technical assumption
1 All material from Marsill be collectedas the layers of sample containmentthe returned
spacecrafare piogressively openedncluding rock samples, dust on the outside of the tubes,
headspace gas insidiee sample tubeshulk atmospheric ga@f present) and hardware that has
been exposed to the martian environment.

T

2. PRELIMINARKSAMPLE CHARACTERIZATION

2.1.Measurements on Unopened Tubes

Discussion Promp#1: What is the priority of measurements made before the tubes are opened?
Should or must such measurements be done?

There is a limited set of measurements that copddentiallybe made orunopened sampleubes.The
workshop participants were able to identify only three that were deemed tpdientially beneficial to
the sample characterization proced3:Collection and analysis of dust on the exterior of the tulaesl
other exposed surfacda the OS)2) Physical measurement$ the unopened tubgand 3 micro- and
nanc-beam xrayimaging These are illustrated in Figure 2

Predecisional information, for planning and discussion only 3



IMAGING

X-ray diffraction
P H YS I CA L tomography using
synchrotron radiation
- s (e.g. Reischig et al.
Dust build-up on Spirit rover’s solar panels sxamme tUbe for J. Appl Cryst 46,
. amage 297(2013
* The sample tube exteriors g o . i
. . * Determine if seal is
will be coated with dust frfe? « Synchrotron or x-ray CT-
. intac
when received. ) i -
. I d | hi * Weigh, subtract tare sc.annm.g ) €.8. X-ray
Collect and analyze this diffraction tomography as
dust, esp. for biohazards. shown here

Figure 2 Summary of three classes of measurements that could or should be done on sample tubes

before they are openedleft) Dt builddzLd 2y G KS al NBE 9ELX 2N} GA2y w2 @3SNJ
Description of physical measurements to be done on the unopened sample tubes; Right) schematic of

one type of imaging technigue that could be performed on unopened tubes

Examinatiorof dust on the outside of the tube

As illustrated in Fig-left (which isan image of the solar panels time roverSpiritafter it had been on
the martian surface for a few years), we can expect tigeécts on the martian surface will become
coated withLJr NIi A Odzf | ( SthaAsdttleloyt af thé maRidesaiméspherdhis includes the
exterior of the sample tubes and the interior surfacestaf notional Orbiting Sample (OSwhichwould
need to be open during samplebe loading.Becausét would be possible to analyze this material
before the sample tubes are opened, the question is whether there is a reason to dedswhether or
not the data would have decisional valuenot, the analysis ahis samplematerialcouldsimply be
allocated to the research communitg the same manner as other sample types would be allocated

This particulate sample would presumably represent mix@atributionsfrom various areas of the
surface of the Mars, includirfgom the local Mars surface envinment where the sample tubesere
cached These particulate grains, much like those from the Hayabusa mission, would gebiof
interest to scientists, but this does not mean that they should or must be analyzed right Binese
samples would intririsally be less valuable than the sample material inside the tubes for at least two
important reasons1) They would lack context, unlike the carefully documented samples inside the
tubes, and 2) The exterior surfacessofid samples are not expected to bas clean as tlieinteriors so
the exterior dust particles are subject to higher levels of contaminafiore optionto considemwould

be tosteriliz a subsample of the exterior dust, and senaiit of containmentfor analysis. This could
perhapsprovide useful input to the design and conduct of the Sample Safety Assessment Protocol
(SSAPXould this potentially help guide biohazard testing atidw for refinement of the test
protocols? These samplesouldplay an important role iminderstanding the @antamination state of the
exterior of the tubes, which maye an important contribution tonterpreting the criticalSSARests.

Predecisional information, for planning and discussion only 4



Even though analgs of the exterior dust will be of interest for purposes related to traditional planetary
science in additbn to the reasons abovave were unable to identifgompellingreasons why these
measurements need to be done quicklie.,before the primary samples in the tubes are extracted.

Physical measurements

A certain set of physical measurementdl wiearly beneeded (see Fig-denter): 1) Examine thesample
tube for any form of damage; Bvaluate the quality of the sample tube seat¢ example might be to
place the sample tube in an evacuated volume, and watch to see if the pressure incrande));
Weighing, and subtracting the prlaunch tare weight, in order to generate an initaéasuremenof
sample mass.

Micro- and nangbeam xrayimaging

The potential value of penetrative imaging has been recognized for many reéast, one of the
designrequirements for the sample tubes was that they not preclude this kind of investigdtios led

to extensive discussion of the potential benefits and consequences of thithiggivall imaging using
penetrative energye.g., Xray,or other)or some or albf the sample tubedMlicro- and nanebeam x

ray imagingusing synchrotron radiatiofor example can deliver information on thphysical state,
morphology (e.g., presence of void space), the mineralogical composition and spatial distribution of
mineralsin samples, as well ashe chemical speciation and distribution of (potentially biogenic)
elements. The technique casovalidate the integrity of the sample tubes.g.,by checking the seals

for potential cracks and leaks. This information may proiiggortant guidance on the sequencing of
opening the tubes, the specifics of how to get the samples out with minimal damage, and initial planning
for deciding thdnitial samplesubset that would go foBSAR testingWe already know that such imaging
is na damaging to most investigations of scientific interest on the kinds of samples we are expecting
from Mars. However, i isalsoknown that these techniques are not 100% rdestructive. Thessential
guestions are: 1) how destructive are thend what wailld be damagedand 2)the priority of the
measurements affected.

For the existing list of MSR scientific objectives, and component saelpled measurements (iMOST,
2019), the only measurements specialconcernthus-far identified were the measureents of certain
orgaric molecules. The main concerrthsit organics of interest may be altered or destroyednigro-

and nanebeam xray radiation This was discussed at length by the2 NJ a &®obiflagysubteam,

and by the end of the workshop, opre-workshop fears were at least partially allayed. Available studies
of Xray and gamma ray irradiation of amino acids in meteorites during various microcomputed
tomography imaging experiments found that thisay exposure (up to ~ 3 kGy) did not notibba

degrade amino acids, nor cauany amino acid racemizatigRriedrich et al., 2016, 2013 owever,
experimental studies have shown that gamma ray exposure of both pure standards and meteorites will
lead to increasing amino acid radiolysis as a function of molecular weight at total ionizing doses above
0.5 MGy, although the amino acid enantiorteratios werepreserved(lglesiasGroth et al., 2010;

Kminek & Bada, 2006J hese studies observed evidence of degradation of heavier amino acids by
gamma rays at doses of 6025 MGy.

Additional investigations are warranted to studyesfts on other soluble organic compounds and
refractory organic components. Soundwave tomography was mentioned in the workshop, but the
workshop attendees do not feel that they have the background to judge its application to unopened
sample tubesAlthoughneutron beam imaging may also provide important information as to the
location and abundance afrganics within the sampleg.Q.,Carlson, 2006there was strong concern
expressed at the workshop regarding the known effects of this method on sample geochemistry.
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In summary, the potential benefits of imaging the samples through the tube walls before opening are
deemed important enough that further evaluation of any possiééeterious side effects is warranted,
and is of high priority.

Need for Future Workt2: Theworkshopattendeesconcluded that more research is required before
committing to applyingthrough-the-tube irradiation techniquesto any orall MSRsamples andthat
this research is a high priority

Opening the tubes

¢CKS GSN)Y Ga2LISYyAy3a 2F GKS {dzo SeeéFigOBAYTherfisst y 2y S 2NJ o
penetration of the sealed sample tube, which is likely to be for the purpose of extracting the headspa

gas, and B) opening the tube enough to remove the solid sanfpbeshe purpose of this discussion,

opening the tubess interpreted tooccur atTime A

Seal penetrated Sample tube opened
enough to access enough to extract
headspace gas regolith and rock cores
: :
1 <L 1
L ' w
Sample tubes | E | E
arrive sealed : = : -
| |
| |

>

time

Conclusion: We cannot see that analysis of the headspace gas between Time
A and Time B would be important for operational decision-making at
Time B. However, the chemistry of the headspace gas is vulnerable to
change with time, and it should be analyzed promptly for that reason.

Figure 3 Schenatic illustration of a keguestion involving the headspace gas.

Headspace gas
No measurement was identified that could be made on the headspace gas before the tubes are first

opened (Time AXlowever, once the headspace gas is collected, it could potentially be analyzed before

Time B when the solid samples are extract#&ithough seh analyses could be done, this workshop did

not discuss this topic enough to determine if they should, or must, be done as part of the sample
characterization proces3his is an obvious area for future discussion. Some of the measurements that

could be nade on headspace gases, while not strictly necessary for sample characterization, may be

GAYS aSyardArg@dsS FT2NI 20KSNJ NBlF a2yas -seysilvei KAa A& | RR
Y&l AdNBYSY (i a oé

FINDING 1 There are three sets of observations timaay be beneficial before opening sample
tubes: 1) Reconnaissan@nalysis of dusbn the outsides of tubes?) Basic physical observatigns
3) Micro- and nanebeam xray imaginde.g., CT, Synchrotrpother).
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2.2.PreliminarySample Characterizatigan opened tubes)

Discussion Promp#2: What data needs to be collected on each of the samples in the Preliminary
Examination (PE) stage after opening of the tube in order to make sample management decisions like
sample splitting, subsampling for Planetey Protection (PP) purposes, sample allocation to science

Pls, and other™n PE, what could/should/must be done?

ProposedTerminology

After extensive discussion, agreement was reached on the geteenainology shown in Figure @vhich
modifies that usedn the discussion prompt abovelhis terminology is used in the remainder of this
report.

We propose to definevto primary groups of activitiesising the terminologgt . 8 A O / KI NI OG SNA 1
YR at NBf AYAYE KB @ B tHzNA-gifgebgpat yhé WiBshdp made the point that

this terminology is consistent with modern curation usagegether thesean belumped under the

f I NBSN @Plelynin@yd ¥ EX & / K| NbuQhisSadek dhoicé af Ryhavéuld probably

benefit from more dscussion (since sample characterization will also be a significant aspect of the
externalcompeted science investigation phase).

Basic Preliminary

T e Scientific
Characterization Examination Research
What’s there? Analytical processes to

. . * Proposal-
Same observations inform sample )
. . . driven
applied to all samples subdivision & allocation .
competition

Does not significantly Diff. procedures on diff.
alter sample samples

BC informs PE May significantly alter
Initial BC must be in sample

containment Can be in/out of contain.

Figure 4:Relationships between Basic Characterization, Preliminary ExaminatioB8cemdific Research
(nominallyequivalent to competed scientific investigation).

Basic characterization

Basic characterizatiofBC)s a series of data collection steps that do not (or minimize to the greatest
degree possible) alter, damage, or induce any change in the sample and its associated properties
(physical, chemical, spectral etcThese steps would include, for example, ghiéng, photographing, and
optical investigationThe BC steps would be applied to every sample in a standard way and would be
used to inform the PBnd SSARethods thatwould be implemenied. The BC stage would actually begin
before opening the tubes, asver data and geological setting information should be collated
beforehand, including (but not limited to) sample type dikélihood of thepresence of organic
molecules. This information would be integrated into the BC process and referred to wheninigsign
PE protocols for each sampla.our usage of the term, BC would take plaggeatedlyin the future,
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including after samples have left the SR&new sampleubdivisionsare made This action would be
needed in order to keep an adequately detdileg for each sample and sshmple before they are
subjected to any preparation or analytical procedurais is a standard curatorial practiéa excellent
example is the Apollo sampleBhe Lunar Sample Compendium is a hugely valuable resource that
combines regional geological settings with BC and PE results, along with results gained frorddalter PI
investigations.

Preliminary Examination

The data generated by BC would be used to design a PE program for each Bapeteding on how
significant tte differences between samples are, the PE-sailmpling and data collection steps could be
significantly different between samplelote in particular that the PE phase allows for both-sub

sampling and sample preparation, both of which make irreversiblagésto the sample. For example,

the decision may be made to commit one or more samples (oisanfples) to be extracted for organics
testing. The organic extract could be rendered sterile, either as a direct consequence of the preparation
technique (e.g.acid hydrolysis) gpossiblythrough submicron filtration, and could be transferred

outside of containment for analysiSlote that in our usage of the term, PE would happen once, in the
SRF, to guide certain critical early decisions, and would not leateg later.

Theprimaryobjectiveof PEwould beto provide enough information for:
- Principal Investigators (with their supporting teants)submit relevantand specific proposals
for the scientific study of the samples.
- The design of consortium sameudies
- A sample allocation committee to make informed decisions atimeibest use of limited, high
value, and irreplaceable sample mass

Some examples of PE inclutteatingsub-samples carrying out thesSAPand performingspecific

analytical steps damed necessary tmake the above decisionk contrast to BC, PE will differ between
samples and subamples depending on what data are required for each sample. These analytical steps
may take place in the Sample Receiving Facility (ER&Wherein cortainment, or even outside of
containment (using either sterilized samples or p8SAP sample$E for each sample is expected to

last aconstrainedamount of timeand thenthe samples and suamplesvould bemade available for
competitive sciencénvesigations gee Fig. 4)

The Importance of Scale

A point emphasized in the workshop was thairgples need to be characterized in the BC and PEstage
at a resolution appropriate for the distribution of the expected sample andssuhple sizesThis may

be & a far finer scale than is normally done for meteoritedor the Apollo lunar sampleor example.

The resolution needed for the preliminary sample characterization phase may be dependent on sample
type and will require detailed planning by future team

WORKING-UNCTIONADREFINITION #Basic Characterization will rely on simple, relatively
inexpensive, nofestructiveobservations and all samples will likely be examined in the same way.

WORKING-UNCTIONADEFINITION #More sophisticated instrunmgs and more complicated sample
preparation procedures will be needed for Preliminary Examinaamplealtering observations are
permitted, and different procedures are likely to be applied to different samplésss requires more
discussion
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FINDING#2 t NA2NJ 2 YI1Ay3 GKS &l YLX S& | @I Aphdse €
preliminarysamplecharacterization process needs to be completed: Basic Characterization (B
and Preliminary Examination (PE).

2.3.Capabilities Needed foné Prelimirary Sample Characterization Phase (i.e., Basic
Characterization + Preliminary Examination)

Discussion Promp#3: How many instruments, and of what type, are needed? What sample

preparation methods are needed? And what would be their relationship to bioggfeabinets?

Note: this assumes that CT scanning is NOT occurring prior to opening of the tubes; if that were to

change, then this section must be revised accordingly

In order to provide early scoping information to support potential SRF cost and schedule estimation, the
workshop group did brainstorming about instruments and sample prep activities that might be implied
for containment (either SRF or somewhere else). el@mv, there are two important caveats for the lists

that follow in this section:

1. Itis safe to say that all of the activities descrilmadildbe done. However, our workshop
discussions did not penetrate the issues enough to say that this set of pemdeconclude
that they allshouldbe done. Even more to the point, it would take considerably more
discussion, including of cost and other implications, to determine whatigired

2. Since the workshop participants did not include representatives of laltiEciplines of sample
science, it should probably be expected that a small number of additional instruments will
appear on these lists when the issue is penetrated more deeply.

For the purpose of this workshop, we assume tB&twould take place withirontainment, as would
most/all PE. Some of the instrumentation for B#ild beoutside ofcontainmentat the SRF, ansbme

could be at specialist, external laboratories, to which the samples could be transported in containment
boxes, or as sterilized matati The workshop recognized thaSARequirements would have to be
satisfied at all stages of sample interrogation, and that some of thaveBtigationsvould be in

support ofthe SSARs well asn support of science planning.

Basic Characterizatior8ee discussion related to question #2 above for a full description of the basic
characterization phas&Capabilities required to successfully carry out BC incladeke handling and
manipulation capabilitiesmaging and recording

Suggested instrumentatn for BC includedut may not be restricted tahe following(to be vetted
through additional future discussian)

9 Curation requirements:

o0 Sample handling tools optimized for small samples: tongs, tweezers (of different
materials: stainless steel, Tefloceramic, etc.pignificant robotics sample handling may
be required.

0 Tools and containers to collect and store dust from the external surfaces of the sample
tubes

0 Tools and containers to collect and stag&s sample, possibly including headspace gas if
collection and storage of these samples is deemed possible

0 Tools to open the tubes and remove the samples
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0 Tools to collect fine fragments broken from the main samples
o Sample vials (different sizasd material¥
o0 Barcode generatoor RFID tags

Balances foweighing the materials

Cameras for recording size, shape and other external characteristics (e.g., heterogeneity,
lithology, texture, petrology, layering, the presence of veins, etc.)

9 Optical microscopes for determination of grain size, mineralogy, percetic.

Preliminary Examinationwould need a more complex and diverse set of instrumentation than BC and is
dependent on the information that is required to complete the two parallel strands of activities that
have to be completed by PE. The two strands(@rthe satisfaction c8SR requirements and (i) the
provision of sufficient information to catalog, swlivide, allocate, and distribute material for scientific
investigation. Although most of the PE instrumentation would Isediethe SRFit would ke preferable

to allow some material to be transported to laboratories where specialist equipment and personnel are
based. This could potentially be allowed if small amounts of sample were rendered &tesidanple
preparation (e.g., solvent extraction dmacid hydrolysis, acid digestion, or suicron filtration)

(Davidson, 2003; Glavin et al., 1999¢cisions about the final suite of instruments employed for PE
would be significantly influenced by whether or not synchrotron facilities are employed,; this is a major
guestion thathas yetto be resolved. The effects of analytical techniques, in general, upon sample
properties or preparation requirements is one that needs urgent investigation.

Several types of measurements were identified as being necessary for tHeBétnporderto allow for
effective sample description and allocatidfor example, imeralogy, mineral chemistry and organics
analysesvould berequired in order to validatinferencesmade based on M020sonboard payload
aboutthe samples as acquiredached and returned to Earth. These fundamental investigations are also
requiredas part of PEo inform sample selection for both complementé®ARNd sample cataloguing
and documentation for Fed sample requests. Depending on the resolution of the instruments selected
for inclusion in the PRhase it would be possible to gather mineralogical and chemical information on
individual grainse.g.,in the case of dust, regolith etc | y R -NROR X &.4. Myelfs Sithin

cores, individual pebbles ejcln addition,nitial biological assessmewtould be important for selecting
samples for further testing foplanetary protection reasong\ preliminary notional list of

instrumentation that could be used to achieve the objectivePB are shown in the sectidrl.1. Table

3.

Note that according to these descriptions, the planetary protectiefated Sample Safety Assessment
Protocol would betsbe classified as a componewit Preliminary Examination.

Sample Preparation Methodto be vetted through additional future discussion)

The sample preparation methods which would be needed inside containment would include:
1 Tools of different materialsfor sample division and sorting
1 Equipment for sample preparation fatlocationoutside the SR&uch as:

0 Solvent extraction for organic analysis
0 Thick/Thinsectioning for petrographic analysis
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1 Containment boxes for samples to perform analyses on ungeediland/or samples not yet
cleared forrelease from containmentutside the SRF

1 Equipment for sterilization of samples (specific technidji&)

These sample preparation steps would likely require on the orderfaboratories which may or may
not be the same laboratories used for timand sterilizatiorsensitive measurements detailedtopics
5-6.

Need for Future Work#3: Further research is needed to determine how various sample preparation
methods affect sample properties to be measured further deteeam.

2.4.Sample Characterizatioed Size, Composition &@anization

Discussion Promp#4: What would be the optimal size/composition of the science team responsible for
PE, how should it be led/organized, and how should its members interact with each other (potentially
by remote means), as the samples are progressively made available?

IMARS2 provided an extensive analysis of the size, composition and structure (includsite s

remote participation) of the science team that would be responsiblé*f@timinarySample
Characterization, as well as its technical, curatorial and bureao@agiport. Althouglhere is more

than one way to organize the teams, and althougany details likely will change as the scale and other
aspects oPreliminarySample Characterization become better defined, workshop discusagested
that the IMARS analysis isin excellent starting place for such planning. Many of theiB2E
(McLennan et al., 2012ndings also bear on the nature of tirelimnary Sample Characterization
science team and it wasidely acceptedhat sections of this report should be revised/updated as
appropriate.

IMARS2 (Haltigin et al., 2018pecificallirecommendedhat organization of science teams be based on
the natureof the various sample suites thatould be collected duringn MSR campaigihe process

should take into account thdflars 2020 will collect samples Jezero Crater, and perhaps later at the
Midway site (e.g., sedimentary, igneous, hydrothermal, regoasesjhttps://www.nasa.gov/press
release/naseannouncedandingsite-for-mars2020-rover). It was further recognized that superimposed
2y yeé &dzOK &0 NHzO( dzNB abasede.®, géobhenhists gmitrobidialidisé 2 ¥ RA &
planetary protetion) and instrumerdbased scientists (e.g., Raman, IR, mass speetry,

magnetometer) (Figure)50ne brieflydiscussed alternative organizational structure was to design
science teams around higavel iIMOST science objectives, however, this was ne¢ldged in any
substantive manner during the workshop. Because iMOST objectives identified the necessary samples,
many iIMOST objectives may map onto organization by suitesshthitd be explored by further

discussion.

Mechanismsshould be consideretb ensure that scientists involved in both Basic Characterization and
Preliminary Examination obtain appropriate recognition in the form of publications and conference
presentations; indeed the very ability to attract wowthss scientists for such rolespgmds on it.
Accordingly, #@Rules of the Ro@dlocument that defines the rights and responsibilities of all scientists
involved inPreliminarySample Characterization (including their interactions with foltowPHed

lawdzt S& 2F GKS w2l Ré Aa GKS gl e FaINBSYSyia AyaiaRS (GKS i
M-2020 and ExoMars) have been documented regarding data rights, publication policies, etc.
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investigations) needs to be developed well in advance. The importance of extensive (and early) training
for PreliminarySample Characterization scientists came up several tahtge workshop and has also

been discussed in previous stusli¢laltigin et al. 2018 Hutzler et al., 201)7 The BS¥ containment
environmentthat would be used for the Sample Return Facility are unlike any that the vast majority of
planetary scientists have ever encountered. Nor have many even interacted witleligllcontaiment
technical staff. It will thus be important féreliminarySample Characterization scientiststechnicians

to be on site and fully trained well in advance of ever handling samples from Mars.

ConclusionThe iIMARE (Haltigin et al., 2018) report mvides a good starting point for further
discussions and analysis regarding the organization, management and staffinanofianal Sample

Receiving Facility
i
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teams might be populated to include specialized disciilamed and instrumerbased scientists. To

optimize communications and efficiency, there would be formataction (and in some cases,

personnel overlap) among the various specialists (vertical dashed boxes). The diagram is illustrative only

and not meant to imply angroposalsabout the exact sizes or compositions of the various science

teams.

FINDING #3The Preliminary Examination of MSR samples may be optimized by using differen
teams ofinternationalscientists for different samples (or groups of samples), although this is ng
the only way to do it.

3. SCIENCE INVESTIGATIONS

One of the objectives dhis workshop was to estimate how many of th89MSR science investigations
identified by iIMOST are sensitive to degradation by time or by sample sterilization. These anelérst
factors in determining how much science needs to be done in containrméig in turn plays a primary
role in determining the minimum size/performance/complexity of the SRF.
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Figure 6shows a simple logic matrix, for which the various fields lead to a useful taxonomy.
Investigations falling in Fields3lare all timesensitive, meaning they should be conducted as soon as
possible after sample tubes are opened. This is true whether or not they are sensitive to sterilization. As
discussed elsewhere in this report, these investigations need to be planned for inside containieldnt. F

4 contains investigations that can be done effectively on samples that have been sterilized using either
high temperatures or radiatiodoses Field 5 represents investigations that may be sensitive to either
heat or radiationinduced sterilizationput not both, meaning that a sterilization method could be

chosen such that the science investigation could still be done effectively on the sterilized sample. This
means that investigations falling in field&b4an be done either inside or outside of t@nment,

independent of the results of the planetary protection protocol. Investigations in field 6 are sensitive to
both heat and radiation sterilization which means that they can only be done effectively on unsterilized
samples outside of containmenttaf successfully clearing a biohazard assessment. The initial
classification of investigations, and the consequences of those classifications, is the subject of topics #5
8 in this report.

Nomenclature: Conceptual
Categorization of Returned Sample

Investigations

1
g FIELD 1 FIELD 2 FIELD 3
[ v Conduct in Conduct in Conduct in
“ oy > containment? containment? containment?
- >
z £
S 2 FIELD 4 FIELD 5 FIELD 6
Z »n O Could be either inside Could be either inside ontingent on
a = or outside or outside sample safety
E containment? containment? assessment
=

Figure 6 Categorization of Science Investigations accordinghether they are timesensitive and/or

Neither

Temp or Rad

Temp and Rad

MEASUREMENT IS STERILIZATION-SENSITIVE

sterilizationsensitive. These fields were used to define the subsequent discussion topics.
3.1. SterilizatiorSensitive Measurements

Discussion Promp#5: Is the initial list of sterilizatiorsensitive measurements comple® Should any

investigation not be in the list? Or any other investigation that should be?

Originating with advice from the U.S. National Academidgs long been assumed that scientific

access to the MSR samples couldbg&inedunderone of the following three conditions:
A. Access to unsterilized material within containment.
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B. Access to unsterilized material outside of containment only after it has passed rigorous
biohazard testing
C. Access to sterilized material outside of containmenaay time.

OptionAis discusseds part of4.1below.OptionB has a vulnerability from the point of view of science
because the wait for a definitive result on biohazard testing could be very Tdrigymeans that we need
a careful evaluation of OptioGabove.

The discussion of Option C has an ambiguity originating in the fadhihg@iarameters of the
sterilization protocol have not yet been agreed télowever, some general considerations are worth
discussing, and may lead to some valuable plannjnigs that deserve further studyf-or the purpose
of this planning exercise, we assume that one or both of two sterilizatiodialitiesare of interest heat
and gamma radiationAlthough both arecurrently approvedor the sterilization of spacecrafisfaces,
neither is currently approved faockand soilsamples However,as summarized at the workshop by
Dr. Carlton Allerthesetwo parametershave rather predictable effects, and many geological
parameters are relatively insensitive to them.

As shaevn in Figure 6this leads to a-3old taxonomy consisting of measurements that are sensitive)to
neither heat nor radiatiorfat the levels needed for sterilizatiqrd) those that are either heasensitive

or radiationsensitive, anc) those that are snsitive to both.For the first of these two categories, the
samples could be safely sterilized using either sterilization modality, and the sacoplésnotionally be

safely transferred out of containmerfor the second of these categories, tkast destructiveof the

two modalities could behosen The third category is where a potential problem may liee samples

may need to be investigated in containment, or science may need to wait until the samples have passed
the Sample Safety Assessment Protooonlaccept the consequencesas$terilizationmethod with

damaging side effect$.e., diminished science return).

It is therefore important to SRF planning to generate an assessment &fttte®n of science thamay

fit in the third categoryiMOST (219) identified 199 scientific investigations associated with achieving
of the seven proposed scientific objectives of M§E&& Appendices C &.[As input to the workshop,

one of the planners organized an XLS spreadsheet with all of the IMOST investigatid assigned

each a ratindor the approximate impact of sterilization on science measuremdh#s iIMOST science
investigationwould belikely beaffected by the sterilization methqdegardless of the exact methods of
measurement, the rating is retf somescience methods for obtainiragiven iIMOST science
measurement wouldikely be affected the rating is yellowThese ratings were reviewethd discussed

by each of the breakout teams during the workshop, and updates were proogedompiledThe
revisedlist of investigations and these assigants is presented in Appendix D, and a compilation of the

Ay@oSadAaaridrzya GKIG SyiraoRa $aLE 0 BA T IiPEinayi TARISRE $ &M

conclusions are:

1 Thisanalysis identified 3Gf 199)investigations askelybeing at least somewhat sensitive to
heat sterilizationFig. 8) This isof course dependent on the specificsin addition tothe
uncertainties otime/temperature thresholds neededd & Sy a A ( A @c@lé pavaretat I NJ &
how much damage is too much damagdius, the currently identified list of 36 investigations
could expand or contrach the future depending on definitions.

1 The workshop group could identify only @it of the 199investigationgdentified by iMOST
(2019)that are sensitive to both heat and radiatigiRig. 7; Table)1This means that >90% of
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these investigations could conceivably be carried out on sterilized sapgj@pending on the

specific sterilization methods determined be allowable by the SSAP and regulatory agencies

1 The workshop group was unable to identify any investigations that are sensitive only to
radiation (i.e., but not also to heat) This is therefore judged to be a more promising
sterilization method, if the netric is preservation of scientific value of the samples.

1 In sum, this means that may be possible faa very large majoty of the MSR investigations
proceed using sterilized samples, and without a timing dependen&S#Resting, assuming
regulatay agencies approve release of sterilized samples

Note that the dose applied when using synchrotron radiation for analysis can be used for sterilization at

the same time. This is an option, to be studied further.

Need for Future Work#1: Further researcls needed in order to determine the effects of various
sterilization parameters othe properties of geological samples.

Table T Summary of IMOST measurements that are sensitive to potential degradation by both heat and

radiation sterilization techniges.

iIMOST
investigatiol Measurements
strategy
Measure the presence, concentration and characteristics of simple and complex molecules and polym
2.1A containing C, H, N, O, P, Cl and S (organic carbon), and characterize organic matter features, includin
molecular structures (e.g., chirality etc.), abamndes and/or molecular weight distributions.
2 1A Determine ceassociation of, and context for, organic matter relative to known minerals, especially min
) catalysts that produce organic material fromdases.
210 Evaluate the indig_enous nature afy detected carbon and organic molecules. Rule out terrestrial sourc
) carbon and organic molecules.
21D Identify potential components of prbiotic chemistry (e.g., prebiotic organic carbon compounds, reactive
) phosphorous, etc.
21D Assess organiaventory for similarity to known abiotic processes such as Strecker synthesis or Fische
) Tropsch type reactions.
Evaluate the spatial relationships between organic matter and minerals and volcanic particles, especis
2.2B such minerals that are compitionally and morphologically associated with biological activity or catalytig
activity on Earth (e.g., Fe oxides and sulfides).
2B Evaluate the relationship of potentially biogenic minerals and their associated organic material to the |
) of the host rock.
Evaluate measurements of chemical and isotopic compositions of organic compounds to determine th
conditions of formation and to seek evidence of chemical equilibria or disequilibria that are inconsister
2.2B o D : . L . . )
abiotic processes, and thugould be indicative of biological activity. Examples include widespread amin
acid homochirality.
2.3A Measure the presence of biochemical species, especially pigments, proteins, DNA, RNA, lipids etc.
2.3B Measure the abundance of isotopes, isotopolog@ad isotopomers.
2.3B Extract and sequence DNA.
2.3B Identify and measure evidence for cellular growth, metabolism, and respiration.
2.3C Measure cell size, shape, and structure.
2.3C Evaluate morphological indications of replication and speciafieatlires like motility structures.
Identification of the molecular/genetic material within the returned sample(s) (performed in collaboratic
6A : .
with SubObjective 2.3).
6A Perform the agreed biohazard assessment protocol, presumably comprisirdestnuctive characterizatior
(e.g., by CT screening) followed by destructive testing.
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Chemical Reactivity (e.g., by ion chromatography and spectroscopy). Characterizeisaluble
concentrations, chemical reactions that can occur, and oxidative potential upon humidification.

SENSITIVITY OF MSR INVESTIGATIONS TO
SAMPLE STERILIZATION

For these measurements,
there is a choice:

N

Analyze in Analyze out of
containment |OR | containment

¥ N

Heat & Radiation
Sensitive
9%

Wait until Sterilize,
PP testing is | OR | analyze
complete early

Figure 7 Of thel99MSRrelated scientific investagions identified by iIMOST (201 9ery few are
sensitive to both radiation sterilization and heat sterilizatiéor samples that can be sterilized, there is a
choice to analyze themithin containment, or at external, #&d laboratories outside of containment.

MAJOR FINDING #4

It appears that a large majority (>90%) of the M&&ated science investigations, as identified by
the International MSRObjectives & Samples TeanMOST 2019) could probablybe acceptably
performed on sterilized samples, thus potentially enabling the analysis of MSR samples in
uncontained laboratories without a dependency on the results from Sample Safety Assessmel
Protocol (SSAPYesting.

Discussion

G{GSNRAETATFOA2Yyé Ay (GKS 9y3atArakKk fFy3adz3aAS KIFa Gdé2 R
other living organisms; and 2) Deprive an entity of the atititeproduce. It is aget uncertain what

the standard for the samples returned by MSR would be. Regardiesitestigations that are

sensitive to both heat and radiatigterilizationare almost entirely those involving organic molecules,
andareass®A I SR gAGK ho2SOGAGS W o0a! aasSaa IyR AydSNLN.
AyOfdzZRAY3 FaaleAay3d NBGAINYSR &l YL S&a F2N) 0KS SOARS
ho2SOGABS ¢ 6da! YyRSNAEGFYR | yR |tdzhafaids B Rituré Ku®anlLl2 G Sy G A
SELX 2NF GA2Y | YR (i K&heiih§hniicBigdbjdchvestrelated t8 unddrstandiBoéthe @

geology, geochronology, and volatile history appear to be achievable using sterilized sdrnijsles.

suggestghat onlythe instrumentation necessary to carry out the sterilizatisensitive science

investigations would have to be carried out in containment.
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Given that the measurements which are most sensitive to standard types of sterilization procedures are
those related tathe detection and study of potential biological processes, it seems clear that there is
likely to be considerable overlap between the instrumentation needed to carry out tyetas-be-
determined biohazard assessment protocol necessary for Planetaryddom and the sterilization

sensitive science investigations.

It was observed in the workshop that someadyses required for satisfaction 85ARequirements
could be conducted on extracts retrieved from samplieschemical processee.Q.,acid hydplysis).
Such processes may be inherently stdfrilising, and thus residues remaining following the extraction

G§SOKYAIljdzS O2dzZ R 0S ARSYUGAFTASR FT2NJ WSIFENIeée NBftSIasSQ

can beging.g.,geochronology, sdthentology, refractory organics analysis.

* The investigations that are sensitive to
sterilization are almost entirely those
involving organic molecules & potential
biology associated with the objectives
related to:

* The search for biosignatures of extinct
or extant Life

v
;E * Understanding potential martian
£ environmental hazards to future
Q&Q’ human exploration and the terrestrial
biosphere

* Major overlap between Science and PP =
opportunities for synergy in the SRF

Figure 8 Potential overlap of sterilizatiegensitive IMOST measurements and required Planetary
Protection measurements which are still TBD

Need for Future Work#4: It will be important to work with the SSAFPommittee to determine the

degree of overlap between measurememtssociated witlscience objectives and those required as part

of the SSARf the same measurements can serve both purposes, it would help to conserve our precious
sample mass

3.2. TimeSensitvte Measurements
Discussion Promp#6: Is the initial list of timesensitive measurements completeShould any
investigation not be in the list? Or any other investigation that should be?

Strategic overviewT'he samplesvould come from an environment that experiences diurnal and annual
fluctuations in temperature, water activity, and other kinds of environmental variations. The rocks at the
surface of Mars will vary in response to these regular changes. Thus, when the sdpeglarte sealed,

they will represent the conditions at a specific point in tirkature gience planning should consider
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that at the time of sample collection (and sample tube sealing) these conditions will have been
measured by the MEDA instrument suite thie M-2020 rover, so we will have knowledge of the initial
conditions of each of the samples (which may have been taken at different times during the day, and
will certainly have been taken on different days of the year). Most of the investigations okt

iIMOST are intended to interpret conditions at the time the rocks formed, i.e., much earlier in martian
geologic history, and large classes of measurements are insensitive to environmental variations at the
time the sample was collected. Howeverpier to be able to reconstruct our understanding of the
environmental context of each sample at the time the sample tube seal was closed, it is important to
make measurements of certain epheral properties as quickly as possible once the sample tube is
opened.Once out of their tubes, the samplesuld begin to equilibrate with their new conditions.

Somesample properties identified have been documented to change swiftly in samples from all groups
of meteorites and missioreturned asteroid samples upaven brief excursions of temperature, and
upon even brief exposure to terrestrial moisture and oxidants, during curatorial storage and later in
post-allocation work flow in investigator laboratories outside the receiving faciliies\elbel, 2014

and references thereinWe can expect that the properties of tlsamples would adjustto new ranges

of T, and new ranges of vapor pressures and partial pressures of gases involvingeadaie

elements (e.g., ¥D, Q, CQ, H, HS, S@ NQ, CIQ) that will affect redox state (Ehinay be expected
within containment and postontainment environments as weNleasurements of sample properties
that maybe unstable in this regandould likely need to be performed as quickly as possilbl@rder to
do so, the best science may come from making these measurements BEFGRE e Safety
Assessment Protocohn be completed, which means that it would be prudent to plan to make these
measurements in containment.

The following list of ideasere consolidated from the workshop, and are considered to be a starting
point for more detailed discussion/validation of the specific measurements associated with time
sensitive science investigations. Of @9 scientific investigations compiled by iMD&019), 26 are
deemed to have some degred time-sensitivity (see Table)2However, these are not all equally
sensitive to time, nor are they of equal scientific priority. Further discussion will be needed in order to
determine what should or must bdanned for within the SRF, and the trad#s between cost and
performance. The ideas generated at the workshop mostly fit within the following five categories:

A Headspace gas measuremems argument was made that the headspace gas in each sample
tube should be analyzed as quickly as possible after puncturing the seal. Since these samples will
be small (in terms of number of moles of gas), they will be especially vulnerable to quantitative
gas collection, sample transfers, contamination, leakage, etaf ahich have the potential to
modify the sample composition. The expected gas quantity could of course be calculated, and
an analysis plan derived.

A Hydrated minerals that reflect chemical and isotopic equilibria from MEfms. hydration state
of multi-hydrated mineral systems, such as hydrous sulfates, expandable clay minerals, reactive
species, etc.) should be analyzed quitklyese sample properties are vulnerable to change
once the samples start equilibrating with the curation environm@ityllosilicates and related
amorphous materials are among the main materialgeted for numerous iIMOST (2019
investigations focused on environment, climate and habitability of Msli@ny of these
properties arehighly sensitive recorders of martian aguelza LINRP OSadaa Sa s (Kdz
by terrestrial environmental makes it much harder to conclusively state anything about martian
aqueous processeasespecially if those are suggested to be recent/current. Note that
synchrotron observation of a sealedraple tube before its opening may be used to interpret
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mineralogy, and this may reduce somewhat the priority of making these kinds of measurements
quickly after the tubes are opened.

A Measurements sensitive to g&xchange chemistrAll measurements invoing redoxsensitive
gaseq 0O, CQ, K, HS, S@ NQ,CIQ), and the isotopes of redesensitive elements in the
environment in which the tube is opened, will be different from the abundances of each gas
equilibrated with the solids inside the tube after the long time intemsgbectedbetween
sealing the samplaube on Mars and opening the sample tube in the SRF. Even thiswithin
sealedtube environment will differ from the environment on Mars, but useful constraints on
pre-seal (Mars) conditions can be retrieved from thermodynamic equilibrium calculations using
the measured abundances of chemical species in the tube. However, evacuation of these gases
from the sample tube upon opening (into any environment including the containment isolator
environment) will produce vapegpressure and redox requilibration of the contents of the
sample tube. This is expected to occur rapidly because reactions involving hydration,
dehydration, and redox of gdwsted species are commonly rapid. Thus, the opening of the
tube, even if done in containment, will initiate changes thét make more difficult the
challenge of inferring volatile and redox conditions at the place and time of sampling from
measurable properties of the returnethmplesA reality is that the samples will have
experienced a mulyear history between when thsamples were first isolated from the
martian environment and when they arrive at Earth, and models of this time period will need to
be constructed to determine what kinds of changes to the sample are possible/likely/certain.

A Surface chemistryral reactiity of martian regolith or dust sampleAs discussed under
Aah{ ¢Qa h et@redrégblidhSamplamayNde our most importandirect
representation of the martiaisurfacegeochemicaénvironment and its potential hazards for
human explorationinterpreting the data from these samples will be complicated by the fact
that the mineral and graisurfaces of these samples will have equilibrated with the he@ate
gas inside the tube after the muliear history between when the samples were first isetht
from the martian environment, and when they arrive at Ealtlevertheless, understanding the
adzNFIF OS OKSYAAadGNER FYyR NBIFOGADA G esowrdddhgasddisi2 (G KS
important. If such measuremestwere not performed rapidlythe opportunity to make the
measurement at all may be compromised.

A The above arguments presumably also apply to the dust on the outsides of the sample tubes, or
on the interior surfaces of the OS.

A Sample Preparation Processdsolvent extraction is useab part of the PE process there may
be time sensitive measurements of reactive or sHiw#d species in the resultant extracts (e.g.,
oxidants). This may also result in alteration of other species in the extract oveviame
processes such as the oxidatiof organics. For this reason it would be preferred to be able to
do some analyses at the SRF (although they may not need to be done in containment if they can
be rendered sterilevia chemical or physical means).

Table 2 Preliminary list of investigains that may be significantly sensitive to time. The magnitude of
the effect is not equal for all measurements, so further discussion is needed.
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4B

Measurements

Measure D/H, the oxygen triple isotope composition anfl @ 2 (i 2 LIS YQJ &f Watefr &
vapor in the atmosphere and phyllosilicate species and other hydrated mineral phases in an
rocks.

4B

Measure theD 17O values of sulfatminerals in dust and rocks.

4B

Measure the chlorine and oxygen triple isotopic composition of perchlorate and chlorides on
Mars

4B

Measure sulfur quadruple isotopes anhS 2 G 2 LIS 33 Z3%SIhdf sulfat@ in dust,
regolith, rock, and soil samples

4B

Measure theD 1’0 values of hydrated and anhydrous silicates

4B

Analyze compoundpecific isotopes of H, C, O, N, CI, and S in molecular species in the
atmosphere and in regolith, sediment, and rock samples.

4C

Analyze volatile species (e.g2HSQ, HS, CQ CI) preserved either as stoichiometric
components of minerals (e.g., carbonates, sulfates, sulfides, chlorides, apatites, perchlorate
adsorbed onto mineral/grain surfaces or trapped within fluid inclusions for their stable isotop
compositions (e.g.2/*H, 18171160 13112C 15114 36/34/33/32G 37/35C]) including clumped isotopes
where possible.

4C

Analyze rocks/minerals/regolith that may have exchanged with the past atmosphere, at spe
times in its history, e.g., carbonate#3C,d'’0O, d'®0, D'70), sulfatesd®3S,d**S,d*¢S andD*3S,
D?%S) and perchloratesi{’Cl,d'’0O, d*®0, D'’O) and adsorbed or chemically bound water,
especially in hydrous minerald¥, d*’O, d*®0, D*O).

4C

Analyze trapped gases within mineral inclusiansg vesicles for the full range of atmospheric
species, stable isotopes (especially M and Qisotopes) and noble gas isotopic and elemental
compositions.

4D

Analyze compoundpecific isotopes of H, C, O, N, CI, and S in molecular species.
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Identification of the molecular/genetic material within the returned sample(s) (performed in
collaboration with SulDbjective 2.3).

Perform the agreed biohazard assessment protocol, presumably comprisindasbructive
characterization (e.g., by C@reening) followed by destructive testing.

68 Chemical Reactivity (e.g., by ion chromatography and spectroscopy). Characterize solu
concentrations, chemical reactions that can occur, and oxidative potential upon humidificati(
Identify hydrated minerals and hydration states in multiple samples of martian regolith (to

BA!

B6A!

7A I : ; ) .

facilitate comparison between different regolith types) and in rock samples.

Characterize the water release profile of these samples with temperature and idesticiated
7A contaminants released. Contaminants of particular interest are chlorides and perchlorates w

are potential contaminants for water use (e.g., propellant production, life support), but are a
potentially useful resource for closed loop life soppapplications.

Sample probes of at least the depth of the thermal skin depth at sample location, whereby t
TA temperature will remain roughly constant, to characterize the depth of the present day active
water layer (e.g., absorption and desorption diurnal/seasonal time scales).

INote that investigations 6A and 6B in this list are also sensitive to both heat and radiation sterilization.

Need for Future Work#5s: Further discussiois needed tddentity anddetermine the relative
importance &degree of degradation with timef time-sensitive MSR scienageasurementsn order to
determine what should or must be planned for within the SRF, and the ‘nfidéoetween cost and
science return.

Sample CONTAINMENT: Time scale- Life Detection/
tube -multiple months to a year? Biohazard Testing

opened completed
[ l \
“ O
: o = l Potential alteration : e
S S > : Analysis
I §_ S g I possible outside
: g § & Time-sensitive measurements : containment
g g' © may need to be planned for !
1S 5 s ; |
v g within containment. I
| |

>

Figure9. Schematic representation of the importarafanaking certain timesensitive measurements
early in the process

FINDINGE?S: It is expected that the properties of the samples will be vulnerable to degradation i
least 4 significant areas as soasithey are removed from the equilibrium environment inside the
tubes Because of the timsensitivity, these attributes should be measured quickly, or the
opportunity may be irretrievably lost. This may require that these measurements be done in
contanment.

3.3.Measurements that are Neither Tirtgor SterilizatiorSensitive
Discussion Promp#7: For measurements in Fields #4in Figure 6 what are the general tradeoffs
associated with choosing to conduct scientific investigations either inside or owsificontainment?
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Some considerations might include cost, various kinds of risk, data quality, time, maximizing scientific
access to the samples, preservation of sample value, opportunity to use latest equipment, or anything
else of importance to one or me MSR stakeholders.

In considering the broad trade spacksampleanalyses that are not restricted in locatidre(, they
could be done eitheinside or outside containment), keyetricsare maximizing data quality,
minimizing the time needed to obtaimesults and optimizinghe preservation of sample qualityhe
participants in this workshop who are involved in sam@kated research wouldverwhelmingly prefer
to do sample analysis itheir home institutions rather than in a centralized, contairfedility (a similar
conclusion was recenthgported by theU.S National Academie@National Academies of Sciences,
2018) While Piled investigations could beonductedeitherinside or outside containmengur
discussions indicate that there are several advantages (to the science comnfioind3f)rying out such
work outsideof containmentwhen a choice exists

9 PerformanceéA critical factor that affects who wins and who loses scientific competitions that
involve the production of laboratory data is analytical quality (most importantly, accuracy,
precision, and detection limit)ypically, laboratory geochemists and biologists (among others)
put enormous effort into minimizing the blargkgnalin their home laboratorieOptimizing the
performance of a lab requires understanding and compensatingrisironmentspecific
factors, setting up effective labpecific operational procedures and training, quationtrol on
the reagents (which are sometimes manufacturedhouse), effective sample prep procedures
(which can involve proprietary steps), eRequiring that all geochemists make their
measurements in the same facility, and using faepityvided instrumentation, would have the
STFSOG 2F &K2Y23S EliminatingBampdiitkeSadvarayes arihis dréa dnay
have the unwanted effectfaalso eliminating premier data qualitylany scientists and technical
staff can produce better resultorking in their own laboratories, where technical details are
well known, procedures have been lergtablished, and equipment is familiar.

9 Cost The ost of modifying an existing uncontained lab so that is capable of receiving an
allocation of precious martian material, and conducting kagiality sample studies, may be
significant.However, this cost would pale in comparison to setting up and operatiigilar lab
inside a BS#-equivalent containment facility.

1 Instrument development and maintenandenprovements to and maintenance of analytical
instrumentscan be famore easilydoneoutside a contained environmenthis can involve
iterative approaches, the use of multiple standards and/or test samples, and physically changing
the hardware either by addition, deletion, or configuratigkttempting to do this in
containment creates difficultias moving materials in and out of the restricted, ¢aimed
volume would at a minimum create significant deladyswever, it is acknowledged thagitain
work can be conducted inside containment with equipment that would have only a limited
impact on the size of the contained volume, or the specialist tngimeeded for operators.g.,
petrography, optical mineralogy.

9 TimelinessThe time required to produce a large volume of data from returned samples,
including making replicate analyses by multiple PIs, would be greatly improved if multiple lab
analystsusing multiple labs, can be brought to beRestricting laboratory work to the labs that
can be held within 2 SRF buildings would create a bottleneck that would delay the delivery of
eagerly awaited scientific results.

1 ReplicationAs pointed out by E2ESAG, the gold standard for laboratory data is to make
replicate analyses by different scientists, using different instruments, in different facilities, and if
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possible, using different methodl.the same answer is generated using this approach, it can
Y2NBE O2yFARSyGfte 0SS I OOSLISR da aGKS GNMziKé (K

1 Sample prep procedureSome sample prep procedures agpecially demanding on
scientific/technical expertise and time (e.giet chemistry for isotope analysiglhe more of this
that is done in containment would end up levyiadditional requirements on SRF staff and
facilities.In addition, for reasons of quality control, sample prep procedures need to be closely
connected to the investigation Plcarrying out such activities in comtaent may require that
investigation Pls spend significant time (up to multiple years) in residence at thE@Rjpared
to the alternative of doing such work at their home institution, this may become a disincentive
to getting the widest spectrum of scitists as possible to work on the MSR samples.

1 Collaboration opportunitiedt is clear that the opportunity for science Pls to collaborate with
their peers on MSHkelated scientific investigations would be enhanced by making use of their
home laboratoriesrather than contained, centralized facilities.

1 Special noteWell-coordinated proposals from consortia within the scientific community should
be encouraged to ensure the most efficient use of samglhés point also made bMARS2;
section 4.2.3, p S§6

Can be better:
* Data quality

If given a choice, most

scientists would prefer o P
to work in their home * Timeliness
lab, rather than in a * Scientific access

* Collaboration

containment facility "
opportunities

This choice may exist for most MSR measurements!

MAJORFINDINGt6:

The scientific community, for reasons of scientific quality, cost, timeliness, and other reasons,
strongly prefers that as many sampielated investigations as possible be performed inled
laboratories outside ofcontainment.

FINDING #7~or reasons of optimizing the use of irreplaceable sample mass, consortium sampl
utilization studies, including those that make use of faciithated samplepreparation procedures,
are of high interest.
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4. DISCUSSION

4.1. Faciliy Implications

4.1.1.Facility Considerations for Measurements that must be done in Containment
Discussion Promp#8: For theresearch measurementthat must be done in containmentd.g.,Fields
#1-3 andsome in Field &e.qg.,investigation 2.x) in Figure)estimate the facility implications (number
and size of instruments/laboratories in containment, nature of required sample prep facilities, nature
of the supporting facilities outside of the containment barrier, other).

A. What kinds of measurements must (slmould?) be done in the SRF because of reasctimefor
sterilization sensitivity (Fields #13 and some in Field 6 on Fig?6

As listed abovéTable 2, measurements that are timgensitve (Field #43) in Fig. 6nust be done in the
SRFThe measuremerstthat are sensitive to both heat and radiation sterilizatibreld #6 in Fig.)6
whichare mostly associatedith Objective 2 in IMOST (201@ able ) may also need to be performed

in containment As a high priority objective, these measurements mapédormed together with the
biohazard testing or in parallel before the samples can be declaredBadause the measurements in
this objective may overlap with the biohazard testing, the input from the planetary protection group is
neededto determine tre full suite instrumentation requireddne possibility which would reduce the
need for organic analysis (and possibly other) instrumentation inside containment would be to do to
sample preparation for techniques which utilize liquid extracts inside comigih and treat the extract

in such a way as to render them sterile without using heat or radiation (e.g., acid hydrolysisicsab
filtration. Analyses on sterilized liquid could then be performed outside of containment. Note that this is
contingent onregulatory approval of this type of sterilization method. Future work should be done to
investigate these types of options.

B. What instruments are required to obtain the above information?

The following list of instruments were compiled from the worksimopesandincludes those relevant

to the measurements called for both BC/REarried over from sectiofh.3) as well thosé@entified for
carrying out time or sterilizationsensitive measurementslowever, even though these are instruments
that couldbe ud, further discussion by successor science teams are needed to properly assess
priorityt which of theseshouldbe used, and whiclustbe used.

Instruments(to be vetted through additional future discussion)

A notional list of potential instrumentation eeled inside the SRF for Rid for time and sterilization
sensitivemeasurementsvas identifiedas follows:

Table 3Notional list of measurements needed at different stages of sample characterization and
analysis, along with possible instrumentatitypes to make those types measurements.
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Type of measurement needed Notional/possible Instrumentation types

Mineralogy, mineral chemistry, detection g § Optical binocular reflecting microscope

organics and camera with focus stackiig focus
series) capabilitySEM could be used if
higher resolution is requiregdpossibly
with one or more additional spectroscopi
capabilities from among those listed
below.

1 Confocal Laser Scanning Microscope

configured for fluorescence imaging

Ramarspectroscopy

FFIR spectroscopy

Micro-XRF

Micro-XRD

Initial biological assessment MinION for DNA sequencing

Fluorescence microscope

Prelimary Examination

Solvent Extraction
GCMS
LGMS

Organic Carbon analysis

MinION
Other (?)

Biomolecular Analysis

Sterilization
Sensitive

Hydration states of minerals Raman
Synchrotron (?)

Near/Mid IR

Surface Chemistry/Reactivity lon Chromatography
Solvent extraction
GCMS

LCMS

Fluorescence

SEMEDS

Time Sensitive

Redox Sensitive Gases & Solids GCMS
LCMS

IGMS

= =4 =9 = =4 =4 -4 -4 -9 =A =4 =4 = =4 = =4 =9 = =4 = =4 =4 4

1. If liquidextracts can be sterilized via methods described above, only solvent extraction systems would have to
be present inside containment

C. Facility implications (number and size of instruments/laboratories in containment, nature of
required sample prefacilities, nature of the supporting facilities outside of the containment

barrier, other).
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(This topic was not addressed in the workshéfhat follows is some postorkshop discussion by the
workshop participants that extends from A & B above)

Some instumentswere impliedfor time-sensitive measurementglated tothree general categoried.
mineralog (and especially hydration stated, redoxstate, and3. easily exchangeable isotope ratios in
volatile speciesA generic planning assumption might thet this work could be done within three labs,
each of which may contain several instrumer@sme sample prep would be required for the
measurements in Section A above, and this may imply an additional lab or two (or it may be possible to
do the sample pep in the same lab as the measuremeiiiflis sample prep lab space may be the same
sample prep space used for BC and PE sample Adglitional lab space might be required if extensive
biological and organic testing has to be done inside containment, although these types of instruments
may also be present as part of the as yet undefined planetary protection protocol.

4.1.2.How many isolatio cabinets are needed?

Discussion Promp#9: Does science desire/require one isolation cabinet per sample tube, so that
substantial activity could happen in parallel, or is isolation cabinetuse permitted, such that some
or all activity is in series?

Background
It was assumed for the purpose of this workshop tisatation cabinets wuld likelybe an important

part of the ®lution to keeping theMSRsamples isolated from Ear$purced contaminants, and in
keeping the Earth safe from any potential hataresented by the sample8s used in many B&L
facilities, and also in certain curation applications (glgey were used in the Lunar Receiving Lab in
1969, and are still used in the curation of the Apollo samples), isolation cabinets consist df close
volumes, commonly with gloves, and with ports and flanges that allow them to be connected together
(i.e.,in a cabinet line), and/or connected to instruments or other deviées.possible specific use in the
processing of the MSR samples, the prototgpan innovative dualvalled isolator (DWI) has been
developedby ESAe.g, Vrublevskis et al., 2018nd currently locatedt the Universiy of Leicester
(Bridges & Guest, 2011; Holt et al., 2QX®9wever, it was not the purpose of this workshop to debate
the role of isolators in overall containment and sample cleanliness strategy, or the specifics of isolator
requirements these important topics are deferred to future study tearfer the purpose of this
workshop report, we simply asme,without specific confirmationthat isolators (of some design) will

be the focus of much samplelated activity in the SRE.is alsopossible that there may be some steps

in sample PE that are done outside of isolators on open benches in a biosafddy suit

A firstorder driver on the size of the containment facility would be how many isolators are envisioned.
One end memer planning scenario would be to have separate isolators for each samplésedd-ig.

5). This would minimize cross contamination between Mars samples, and would allow completely
parallel processes in the examination of each of up to 31 samféswold minimize the time

required to complete BC + PiEor the activities that would be done inside the isolatdmgjvidual

humans (for example, people with very specialized expertisald shift from one sample to another in

an unfettered wayThis wouldallow multiple scientists to engage in the PE process simultanedusly.
second enémember would be to make use of one (or a small number) of isolators, and to schedule the
samples to pass through the isolators for PE one at a time in $€igesH) This would allow a smaller
number of scientists to interact with the samples, but each observer may have the opportunity to see
them all.

Discussion
Sample suites and workflow
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It appeaedto be technically reasonable the workshop participantghat it will be possible to clean the
isolators between samples to an acceptable level within reasonable cost and time constfdirasis

so (and this needs to be demonstrated), we believe that the number of isolators can be optimized at a
figure between the abovento endmembers.t seems likely to us that samples of similar character
would be evaluated by a given PE tearogicakystemfor organizing the PE activity would therefore

be around the concept of sample suit@&ased on the planning of the Ma2§20 seence team, there is
potential for the collection up to about-B sample suites, given our current understanding of the
martian landing site, Jezero Cratand possibly Midway)Ve couldtherefore hypothesizéhat there

could be a similar numberf @reliminary examination teamwho are able to work on several samples
each, which would mean that the wioflow is partially in parallelnd partially in series.

Some level of redundancy in tligolators is suggested so that processiagyk couldcontinuewhile
accommodatingleaning time (thought nominally to take a week) aadllow forrepairand
maintenanceEach line could possibly consist ef &olation cabinets, each of which might be used for
a different type of BC or PE activity, for example. Tloiglvallow different phases of activity to be
happening on different types of samples simultaneously.

Sample preparation

The functionality oBome ofthe isolators may be defined by certain sample preparation procedures for
which we want to control thepread of contaminationAn example might include rock sawing, a
notoriously dirtyprocedure We may want to have a set of isolators where only a single kind of activity
takes place these would be different than those assigned for suiidated work.Fixedstations would
enable consistency across samples and allow for specialized staff needed for each apphcatioer.
example might include solvent extraction, a critical organitated step that may be applied to a
carefullychosen set of sulsamplesput certainly not to the entire collection.

Instruments

It may be most efficient to place@me simple kinds of instruments.@.,balances, cameras, optical
microscopes, etcipsideeach of theBCPE isolators, meaning multiple copies of these instrutsien
would bepresent More complicated instruments could be portable, and be mounted such that they
could roll up to each PE isolator to make measurements (with the complexity of alignment,
recalibration, etc.)Or relatively complex instruments could pdsgibe mounted inside individual

G Of S 1o, andaised dequentially fonultiple samplesThese assets would need to be shared
between the multiple PE teams working simultaneously on samples within different isolskonms.
discussion is needed.

Summary
The nominal number of isolators could be determined by sample suites, types of anaiyssampling

processes, risk factors, operational efficiency parameters, and other factors, the details of which are
currentlyTBDThis is a large parametepace with multiple trades to be considerexuhd there are likely
to bemultiple solutionsAn additional open question is whether isolators could be repurposed for
subsequenturation purposes this may affect the design requirementgso, more isolatorsnay be
useful for long term storage of samplés.order to provide tle engineering plannersfagure for

planning purposeshie group suggested that a preliminary figure might be 15 + 5 isoldtatghe exact
number will require further discussion, amdll likely depend on the cost and size of the isolation
cabinets utilized
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Figure 11 The preferred number of isolator cabinets to process an asdww@t of 31 samples is between
the two endmembers shown. An initial planning numloeuld be 45 + 5isolators.

ConclusionAssuming that isolator cabinets can be effectively cleaned between samples (considered
technically reasonable at this time), the number of needed isolators is judged to be less than the
number of samples. For planning purposefigare of 15 + 5 isolatonhay be a reasonable estimate.

This number could be influenced by several factors, including the different types of environmental
conditions desired for different samples and processes (e.g., vacuyieNAr atmospheres, low

temps, etc.), differing contamination requirements for different processes, how many samples might be
worked on simultaneously, etc.

4.1.3.Contingency Plans if Unsterilized Samples Never leave Contai(Btenlization
Sensitive Mesurements)
Discussion Promp#10. For the measurementthat are sterilizationsensitive what are the different
contingencies related to sample safety assessment that matter to scientific planning, and what are
Ll2aaArofsS AN GS3IASa (2 | OKAS@OSgeacy2wQa &aOASY(IATFAO 2

In the eventeither that evidence of (martianljfe is discovered in the samples returned from Mars, or
that the safety assessment protocols return an ambiguous reisattay never be possible to release
unsterilized samples from containmem/e would needto have contingency plans in place to deal with
such possible contingencies

This would involve two primary types of investigations that may need to be done inside of containment:
1) If life is discovered in the samplssientists would wanta have the ability to analyze it fully using
multiple instruments and methodologies; 2) investigations for which the sterilization protocol would
alter the results. More information regarding the planetary protection protocols and recommended
sterilizationtechniqugs)will be required in order to fully determine which measurements fall into
category 2. More research into the effects of the recommended sterilization techniques on certain
physcal and chemical properties would certaimlgo be needed.
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